Melanin-concentrating hormone [MCH] is an important neuromodulator related to motivated behaviors. The MCH-containing neurons are mainly located in the lateral hypothalamic area, zona incerta, and incerto-hypothalamic area. In the medial preoptic area [MPOA], a key region for the regulation of maternal behavior, Pmch mRNA expression and MCH synthesis can be detected exclusively during the lactation period. As litter size affects different parameters of maternal physiology, the aim of this study was to verify whether litter size can modulate the number of MCH-containing neurons in the MPOA of lactating rats. The dams were divided into the following groups: postpartum day 12, 15, or 19, with a large, small or reduced litter. Our results show that the number of MCH-immunoreactive neurons in the MPOA is positively correlated with the number of pups in the litter and that artificially reducing the number of pups can also decrease the number of MCH-immunoreactive neurons in the MPOA.
Introduction
Melanin-concentrating hormone [MCH] is an important neuropeptide implicated in the modulation of motivated behaviors [1, 2] . The MCH-containing neurons are mainly located in the lateral hypothalamic area [LHA] , zona incerta [ZI] and incerto-hypothalamic area [IHy] in both male and female brains [3] [4] [5] [6] [7] . An additional group of immunoreactive neurons can be detected in the medial preoptic area [MPOA] of lactating females, while this synthesis does not occur during gestation, post-weaning or any phase of the estrous cycle [8, 9] . The MPOA is regarded as an important regulatory hub in the maternal behavior network, since lesions in this area impair such behavior [10] . Previous studies have shown Pmch mRNA expression and MCH synthesis in the MPOA progressively increase until the 15th day of lactation and are sustained at high levels until the 19th day, at which time they steeply decrease [8, 9, 11] .
Recent studies have implicated MCH in the maternal behavioral response to pups. Alachkar et al. [12] showed that Pmch −/− mice display impaired maternal behavior, while Benedetto et al. [13] demonstrated that MCH injections into the MPOA reduce active components of maternal behavior, including retrieval and nest building. These works suggest that MCH is necessary for the correct display of maternal behavior in the postpartum period and may act as an inhibitor of maternal behavior at later stages to start and/or facilitate the weaning process. Moreover, it has been shown that, during lactation, the litter size can affect different parameters of maternal physiology, mainly due to the stimulus of suckling [14, 15] . The lack of information about the factors that can modulate MCH synthesis in the MPOA led to this study, which aimed to verify whether the litter size can modulate the number of MCH-containing neurons in the MPOA.
Materials and methods

Animals
Adult female [80-90 days old] Sprague Dawley rats were housed four per cage in a light-and temperature-controlled environment [12-h light/12-h dark cycle, 21 ± 2°C], with rat chow and water available ad libitum. After the regularity of the estrous cycle was confirmed through the vaginal cytology method, two females were housed with one male for breeding. Approximately 15 days after mating, the females On the respective days, the dams were deeply anesthetized with an intraperitoneal injection of ketamine/xylazine [ketamine 90 mg/kg and xylazine 12 mg/kg] and transcardially perfused with cold 0.9% saline followed by 4% formaldehyde [from paraformaldehyde heated at 60-65°C] in sodium tetraborate buffer [pH 9.5 at 4°C, 700 mL over 25 min]. Brains were removed, post-fixed in the same fixative for 4 h and cryoprotected overnight at 4°C in 0.1 M phosphate-buffered saline [PBS], pH 7.4, containing 20% sucrose. The brains were sectioned in the frontal plane at a thickness of 40 μm on a freezing microtome, and every fifth section was used for analysis. The series were collected in anti-freezing solution [20% glycerol, 30% ethylene glycol in PBS] and stored at −20°C.
Immunohistochemistry
To detect the MCH neurons in the MPOA, we performed immunohistochemistry in one series of hypothalamic sections per dam in all groups. Free-floating sections were blocked with 2% normal donkey serum [Jackson Laboratories] and incubated in rabbit anti-MCH primary antiserum [1:70,000, kindly provided by Dr. Joan Vaughan and Dr. Paul E. Sawchenko, Peptide Biology Laboratory, The Salk Institute, La Jolla, CA, USA] and 0.3% Triton X-100 overnight [≈18 h] at room temperature. The antibody specificity was previously described by Bittencourt et al. [3] . This step was followed by incubation for 1 h in biotin-conjugated donkey anti-rabbit IgG [1:1000, Jackson Laboratories] and 1 h in avidin-biotin-HRP complex [1:500, Vector Labs, Burlingame, CA, USA]. The tissue was then subjected to a chromogen deposition reaction using 3,3′-diaminobenzidine tetrahydrochloride [DAB; Sigma], nickel sulfate [Fisher Scientific] and 0.03% hydrogen peroxide in 0.2 M sodium acetate buffer, pH 6.5, for 2-3 min. The reaction was terminated with rinses in sodium acetate buffer and then in potassium PBS [KPBS] . The sections were mounted onto gelatin-coated slides, dried overnight, dehydrated in graded ethanol, cleared in xylene and coverslipped with DPX.
Data analysis and production of photomicrographs
The results were analyzed using a Leica DMR microscope [Leica Microsystems, Wetzlar, Germany] under brightfield illumination. The number of MCH-immunoreactive [MCH-ir] neurons in the MPOA of both hemispheres was counted. To avoid slicing angle discrepancies, we included six slices from each animal in the analysis, ranging approximately from − 0.1 to −1.1 mm relative to bregma ( Fig. 1; [16] ), and the total number of neurons was utilized in the analyses. These counts were carried out manually by two independent investigators blind to the group they were analyzing, and the values were compared and recorded. Occasional discrepancies in the total number of neurons were solved using the mean of the two investigators' counts.
Images were acquired using a microscope Nikon ECLIPSE 80i microscope connected to a Dell computer equipped with the Neurolucida Suite (MicroBrightField, Inc./MBF, Williston, VT, USA). Adobe Photoshop 13.0 image-editing software (Adobe Systems Inc., San Jose, CA, USA) was used to combine photomicrographs into plates. Only sharpness, contrast and brightness were adjusted.
Statistical analysis
Correlation analysis was performed using linear regression analysis, while mean differences as a group effect were evaluated through oneand two-way analysis of variance [ANOVA] . The normal distribution of samples was confirmed by the Shapiro-Wilk method, and the homoscedasticity of the samples was evaluated by the Brown-Forsythe method. A p-value < 0.05 was considered statistically significant. All analyses were performed with GraphPad Prism 6.01 statistical software [GraphPad Software Inc., La Jolla, CA, USA].
Results
The following groups of dams were formed based on litter size: PPD12 small = 4, 4, 6, 7 pups; PPD12 large = 8, 8, 9, 10, 11 pups; PPD15 small = 5, 5, 6, 7, 7 pups; PPD15 large = 9, 9, 10, 12, 15 pups; PPD19 small = 2, 4, 5, 6, pups; PPD19 large = 8, 9, 9, 11, 13, 13 pups. The number of MCH-ir neurons in the MPOA was affected by litter size [ Fig. 2 To verify whether the prepartum or the postpartum litter size was responsible for the observed alterations in the number of immunoreactive neurons, we culled four large litters [8, 11, 12 and 13 pups] to 4 pups [2 males and 2 females] per litter on the first postpartum day and euthanized the dams at PPD19. There was a decrease in the number of MCH-ir neurons in the females with artificially small litters compared with females at the same day of lactation with naturally occurring large litters [ Fig. 4 ; one-way ANOVA, F 2,11 = 49.61, p < 0.0001].
Discussion
We demonstrated for the first time that the number of MCH-ir neurons in the MPOA is dependent on litter size. Multiple stimuli from the pups could account for this effect, including visual, tactile, olfactory and auditory cues [17] . The suckling stimulus is a particularly attractive candidate, as both prolactin concentration in the hypophysis [18] and the release of oxytocin and prolactin [19] are influenced by the suckling stimulus. Although hormonal action cannot be discounted, since several key alterations of the maternal physiology are precipitated by hormone alterations during pregnancy and parturition [20, 21] , our results suggest that the postpartum litter size is prevalent in determining the number of MCH-ir neurons in the MPOA.
Although the matter remains open to speculation, the action of litter size could be taken as indicative of the role of MPOA-located MCH-ir neurons in reproductive function. The expression of the KiSS-1 gene in the rat arcuate nucleus was decreased in dams that had a large litter size [10 or 15 pups] compared with dams that had 5 pups [14] . The kisspeptins are key regulator of the gonadal axis, controlling luteinizing hormone [LH] secretion [22] . Furthermore, RFRP-3, a type of RFamiderelated peptide also proposed as a modulator of the gonadal axis, had its gene expression increased in the dorsomedial nucleus of the hypothalamus when the litter size is large [23] [24] [25] . When taken together, these data suggest that litter size is especially relevant to the inhibition/reactivation of sexual function in dams. The MCH has been suggested to act on the gonadal axis through both gonadotropin-releasing hormone [GnRH] neurons and fibers [23] to modulate LH and follicle-stimulating hormone [FSH] release [24, 25] . Therefore, MCH synthesis in the MPOA could represent a mechanism of reinstatement of sexual function in the weaning animal.
Finally, the litter-dependent synthesis of MCH in the MPOA may be linked to the termination of maternal behavior in preparation for weaning. The peak expression of MCH around PPD19 is contemporary with a decrease in maternal behavior [26] , and the work of Benedetto et al. [13] suggests that MCH acts on the MPOA to decrease the active components of maternal behavior. Therefore, increased synthesis of MCH in the MPOA could be necessary to counteract the stronger and longer stimulation of maternal behavior expression by a larger litter, a mechanism that would guarantee that weaning occurred at the same time regardless of litter size. Further experimental work is necessary to confirm this hypothesis and expand our understanding of the role of MCH during the lactation period.
Conclusions
Our results indicate that a large litter size results in more MCH-ir neurons in the MPOA of lactating dams and an artificially reduced litter size produces a decrease in the number of MCH-ir neurons. These findings shed light on the interaction between dams and pups and help to clarify how the number of pups can modulate some features of the dam's brain, particularly in those structures related to maternal behavior.
